2-Lithiobenzothiazole reacts with freshly generated [W(CO) 5 (THF)] to give the anionic ylidene complex (1). Treatment of 1 with allyl bromide yields complex [W(CO) 5 (1-allylbenzothiazolin-2-ylidene)] (2) while the reaction in wet CH 2 Cl 2 leads to the formation of a mixture of 2 (major) and [W(CO) 5 (1-H-benzothiazolin-2-ylidene)] (3) (minor). Complex 2 reacts in a transmetallation reaction with [Rh(coe) 2 (µ-Cl)] 2 (coe = cyclooctone) to give the dicarbene complex [Rh(Cl)(η 1 -NHC)(η 2 -NHC)] (NHC = 1-allylbenzothiazolin-2-ylidene) with one carbene ligand coordinated via the C2 carbon atom and the other one coordinating with both the C2 carbon atom and the allyl group.
Introduction
Complexes with benzimidazolin-2-ylidene ligands can be prepared from the free carbene ligand [1] , from dibenzotetraazafulvalenes and coordinatively unsaturated transition metal complexes [2] or by reaction of benzimidazolium salts with complexes containing basic ligands like [Ir(cod)(µ-OR)] 2 [3a] or [Pd(OAc) 2 ] [3b, 3c]. The latter method was employed successfully even for N-allyl substituted benzimidazolium salts which otherwise upon deprotonation in the absence of transition metals tend to dimerize followed by sigmatropic rearrangement and radical degradation reactions [4] . N-Methyl benzothiazolium salts react with [Pd(OAc) 2 ] under deprotonation of the C2 carbon atom of the cation and formation of a trans dicarbene complex [5] . The cleavage of bis(Nmethylbenzothiazolinylidene) by transition metal complexes has also been reported [6] . N-Allyl substituted benzothiazolium salts, however, behave differently. In situ deprotonation of N-allylbenzothiazolium bromide with [Ir(cod)(µ-OMe)] 2 does not yield the expected benzothiazolin-2-ylidene complex. Instead the intermediately formed benzothiazolin-2-ylidene dimerizes before complex formation occurs, and the dimer rear-0932-0776 / 06 / 0700-0820 $ 06.00 c 2006 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com ranges under N-allyl cleavage to give benzothiazole [7] which is found coordinating with the nitrogen atom to the iridium center [8] .
Owing to this rapid degradation and in contrast to the preparation of complexes with N-allyl benzimidazolin-2-ylidene ligands, the preparation of complexes with the N-allyl benzothiazolin-2-ylidene ligand is not possible by in situ deprotonation of the azolium salt. Raubenheimer and coworkers have reported an alternative route for the preparation of benzothiazolin-2-ylidene complexes. Deprotonation of the C2 carbon of benzoxazole with n-BuLi leads under ring opening to the phenyl isocyanide derivative [9] , while benzothiazole gives under these conditions 2-lithiobenzothiazole [10] which can be transmetallated by various transition metal reagents. Subsequent N-alkylation yields complexes with N-alkyl benzothiazolin-2-ylidenes. We have adapted this procedure to the preparation of complexes with N-allyl substituted benzothiazolin-2-ylidenes.
We report here on the reaction of 2-lithiobenzothiazole with [W(CO) 5 (THF)] followed by N-allylation with allyl bromide to give the tungsten(0) complex with the N-allyl benzothiazolin-2-ylidene ligand and on the transfer of this ligand to Rh I .
Experimental Section
Chemicals and solvents were purchased from Aldrich, Acros and Merck. THF was distilled prior to use from sodium/benzophenone under argon. NMR spectra were recorded on Bruker AC 200 or Varian Unity Plus 600 NMR spectrometers, IR spectra on a Bruker Vector 22 FT spectrometer with KBr pellets. MALDI and EI mass spectra were obtained on Bruker Reflex IV or Varian MAT 212 spectrometers, respectively. Elemental analyses were obtained with a Vario EL III CHNS Elemental Analyzer at the Institut für Anorganische und Analytische Chemie, Westfälische Wilhelms-Universität Münster.
Pentacarbonyl[1-(2-propenyl)benzothiazolin-2-ylidene]-tungsten(0) (2)
A solution of benzothiazole (0.77 g, 0.62 ml, 5.7 mmol) in THF (30 ml) was cooled to −78 • C and n-BuLi (3.0 ml of a 2.0 M solution in cyclohexane, 6.0 mmol) was added. The reaction mixture was stirred for 2 h at −78 • C and was then added dropwise with a syringe to a freshly prepared solution of [W(CO) 5 (THF)] obtained by irradiation of [W(CO) 6 ] (2.0 g, 5.7 mmol) in THF (112 ml) for 6 h in a photoreactor (high-pressure mercury vapour lamp). An orange solution was obtained which was stirred at ambient temperature over night under exclusion of light. The generated complex 1 was not isolated. Subsequently, the reaction mixture was cooled to 0 • C and allyl bromide (0.5 ml, 0.70 g, 0.58 mmol) was added. The reaction mixture was stirred for another 5 h at ambient temperature. The solvent was removed in vacuo and the resulting brown oil was purified by column chromatography (neutral Al 2 
Pentacarbonyl(3-H-benzothiazolin-2-ylidene)tungsten(0) (3)
Compound 1 was isolated in one instance and redissolved in wet CH 2 Cl 2 . Treatment of this solution with allyl bromide afforded a low yield of 2 (40%) and a small amount (23%) of pentacarbonyl(3-H-benzimidazolin-2-ylidene)tungsten(0) 3. Apparently, complex 3 was formed from water and HCl present in the unpurified dichloromethane. 
Results and Discussion
Benzothiazole was deprotonated with n-BuLi in THF and added to a freshly prepared solution of [W(CO) 5 (THF)] to give complex 1 (Scheme 1). Complex 1 was normally not isolated but was treated with an equimolar amount of allyl bromide to give complex 2 in good yield (62%). The formation of the carbene complex 2 was confirmed by the appearence of a resonance at δ = 217.9 ppm in the 13 C NMR spectrum, which was assigned to the NCS carbon atom. In one instance complex 1 was isolated before N-allylation. To achieve the allylation, complex 1 was redissolved in wet dichloromethane and treated with allyl bromide. Under these condition complex 3 (23%) containing the N-protonated carbene ligand (Scheme 1) was obtained together with complex 2 (40%). The 13 C NMR chemical shift for the NCS carbon atom in 3 (δ = 215.1 ppm) differs only slightly from the value for the corresponding resonance in 2.
Crystals of 2 suitable for an X-ray diffraction study were obtained by recrystallization from dichloromethane at −15 • C. The structure analysis has confirmed the proposed composition and connectivity pattern in 2 (Fig. 1) . The tungsten atom in 2 is surrounded by five carbonyl ligands and the carbon atom of the N-allylbenzothiazolin-2-ylidene in a slightly distorted octahedral fashion. The W-C1 separation (2.231(3)Å) falls in the range observed for complexes with the N,N'-diallyl-benzimidazolin-2-ylidene ligand (2.256Å [13] and 2.242(3) [14] ). The same holds for the W-CO cis and W-CO trans bond distances which demonstrates, that the benzothiazolin-2-ylidene exhibits σ -donor properties which are comparable to N,N'-dialkylated benzimidazolin-2-ylidenes. The major difference between benzimidazolin-2-ylidene and benzothiazolin-2-ylidene ligands is the distortion of the geometry of the heterocycle of the latter owing to the long S-C bonds. This and the lack of a third substituent at the sulphur atom lead to a small W-C1-S (118. 16(14) • ) and a large W-C1-N (133.6(2)
• ) angle in 2 while these angles are of similar size in the [W(CO) 5 ] complex with the N,N'-diallylbenzimidazolin-2-ylidene (127.1(2) • and 128.8(2) • [13] ). In addition, a large N-C1-S angle (108.3(2) • ) was observed for 2 while the corresponding N-C-N angle in the [W(CO) 5 ] complex with the N,N'-diallylbenzimidazolin-2-ylidene ligand measures only 104.0(2) • [13] .
The transmetallation of carbene ligands from silver complexes to other metals is a standard procedure for the generation of transition metal carbene complexes [15] . Few examples for such transmetallation reactions are known to start from carbene complexes of other metals, although some examples have been described [16] . We have tested the carbene complex 2 in the transmetallation reaction with [Rh(coe) 2 (µ-Cl)] 2 (coe = cyclooctene). Stirring of a stoichiometric mixture of 2 and [Rh(coe)(µ-Cl)] 2 in dichloromethane at ambient temperature for 20 h yields the rhodium dicarbene complex 4 (Scheme 2) in moderate (56%) yield.
Carbene complex 4 was unambiguously identified by NMR spectroscopy. The 13 C NMR spectrum exhibits two carbene NCS signals at δ = 224.3 and 218.1 ppm assigned to the different η 1 -and η 2 -coordinated benzimidazolin-2-ylidene ligands. The 1 H NMR spectrum is even more informative. It shows well separated resonances for both the coordinated and the non-coordinated allyl group. As expected, the spectrum exhibits an upfield shift for all protons associated with the coordinated allyl group.
We have demonstrated, that N-allyl substituted benzothiazolin-2-ylidene ligands can be generated at W 0 from 2-lithiobenzothiazole and [W(CO) 5 (THF)] followed by N-alkylation with allyl bromide. The tungsten complex 2 obtained in this way serves as a transmetallation agent. The Rh I complex 4 obtained by transmetallation contains two ligands coordinated in the η 1 -and η 2 -modes.
